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Office of the Chief of Engineers, 

United States Army, 
Washington, Z). C, January 30, 1883. 

Sir: The Board of Engineers has submitted a report presenting records collected 
from time to time of practice abroad with the heavy Armstrong, Woolwich, and Krupp 
rifled guns. The results are tabulated for easy reference, and exhibit a large range 
in powder charges, initial velocities, and striking energies of the projectile from the 
earlier to tlie latest trials. 

The paper contains valuable information for the officers of the Corps of Engineers 
and for the Army generally, and I respectfully recommend that authority be granted 
to have it printed, with its accompanying plates, at the Government Printing Office, as 
a Professional Paper of the Corps of Engineers, and that 1,000 copies be obtained for 
the use of the Engineer Department upon the usual requisition. 

In view of the permanency of its value, and to save expense of "composition," 
in case that future editions are called for, I further recommend that the work be stereo- 
typed. 

The report, with accompanying tables and plates, is submitted herewith. 
Very respectfully, your obedient servant, 

H. G. Wright, 
Chief of Engineers, 
Brig, and Bvt Maj. Gen. 
Hon. Robert T. Lincoln, 

Secretary of War. 



[First iDdorsement.] 



Approved. 

By order of the Secretary of War. 



War Department, 

February 1, 1883. 



John Tweedale, 

Chi^ Clerk. 
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REPORT. 



Office of Boabd of Engineers for Fortifications 

AND FOR River and Harbor Improvements, &c., 

Army Building, New York, January 9, 1883. 

General: On the part of the Board of Engineers for Fortifications, I have the 
lienor to present the following records, collected from time to time, of practice abroad 
with the heavy Armstrong, Woolwich, and Krupp rifled guns. The results are tabu- 
lated for easy reference. They exhibit a large range in powder charges, in initial 
velocities, and striking energies of the projectile, from the earlier to the latest trials. 
In fact, the power of these guns, as expressed in foot-tons, has been about doubled by 
the increased powder charges which have been recently tried, without apparent injury 
to the guns themselves. In the text following the tables are given — 

1st. The practice of the English guns against shields of wrought iron and of steel, 
in England and at Spezzia, in 1876-'7, and the Meppen trials with Krupp's 18-ton gun. 

2d. Trials of compound armor of iron and steel made in England and in France. 

3d. The recent experiments at Spezzia with the 100-ton Armstrong gun against 
single plates of wrought iron, faced with steel, and a plate wholly of hammered steel. 

4th. Trials with Gruson's chilled cast-iron embrasure shield. 

The record is thus brought down to the present day. 

Mr. Diezelski, draughtsman to the Board, has calculated, by the aid of Krupp's 
ballistic tables, from velocities actually attained in firing the 100-ton gun Armstrong, 
the 81 and 38 ton Woolwich, and the 70, 51, and 18 ton Krupp guns, as well as the 
8-inch converted United States rifle, the final velocities for ranges from 600 to 6,000 
yards. 

By the earlier Ro)^al Artillery formula, wrought out from practice against iron 
targets built up of thin plates, he has calculated the thickness of shields just pene- 
trable by the projectiles of those guns for the above specified ranges. Similar calcu- 
lations have also been made, using the later formula for penetration founded upon 
experimental firing against thick iron plates. These results, with the velocities, are 
tabulated for ready use, and are illustrated by the curves of Sheets I and II. Sheet 
III gives the penetration of projectiles for energies per inch of shot's circumference, 
varying from to 1,000 tons, as against the two classes of targets mentioned. 

Though in the future plates of improved manufacture and of greater thickness 
will probably be used, both in the construction of ships and forts, the above tables of 

9367 2 9 
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penetrations will be useful as giving the resistances of naval armor as hitherto applied, 
and of iron shields, so far as they have been introduced into the construction of sea- 
coast defenses up to this date. 

The earlier trials of armor plates in England, which are not included in the above, 
were made to test the resistance of their iron-plated ships as constructed up to that 
time, but more especially to arrive at a better quality of iron for plates, and the best 
manner of putting them together, whether as armor for ships or as shields for em- 
brasures in the construction of sea-coast forts. Those experiments led to the produc- 
tion of plates more resisting, less liable to be cracked by the striking shot, and of such 
increased thickness that the leading iron-manufacturing establishments of England 
furnished for trial at Spezzia in 1876 plates 22 inches thick of excellent quality. But 
neither those thick wrought-iron plates, nor a cast-steel plate made at Creusot, France, 
of the same thickness, could stop the projectile of the 100-ton Armstrong gun. The 
first were penetrated; the latter was broken up. 

Thus the result aimed at had not yet been reached, viz: to so improve the mate- 
rial for the construction of armor plates as to render them impenetrable by the heaviest 
projectiles in use if limited to thicknesses suitable for armoring ships as at that time 
designed. Further experiments were therefore instituted to test a combination of the 
two materials, wrought iron and steel, and with good results, the compound armor- 
plates resisting better than those of homogeneous iron. Those trials, confined to com- 
paratively thin plates, probably led to the late experiments at Spezzia, which were 
conducted on a scale better suited to solve finally the problem enunciated above. 

To summarize: 

Experimental firings for penetration during the past twenty years have deter- 
mined that wrought iron and cast iron, unless chilled, are unsuitable for projectiles to 
be used against iron armor; that the best material for that purpose is hammered steel 
or Whitworth's compressed steel. 

2d. That cast-iron and cast-steel armor-plates will break up under the impact of 
the heaviest projectiles now in service unless made so thick as to exclude their use in 
ship protection. 

3d. That wrought-iron plates have been so perfected that they do not break 
up, but are penetrated by displacement or crowding aside of the material in the 
path of the shot, the rate of penetration bearing an approximately determined ratio to 
the striking energy of the projectile, measured per inch of shot's circumference, as 
expressed by the following formula : 




Penetrations ;. / -^J^^^^.o^q:^^- in inches. 

V = velocity in feet per second; P = weight of shot in pounds; r= radius of shot in inches. 

That such plates can, therefore, be safely used in ship construction, their thickness 
being determined by the limit of flotation and the protection needed. 

4th. That though experiments with wrought-iron plates, faced with steel, have not 
been sufficiently extended to determine the best combination of these two materials. 
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we may nevertheless assume that they give a resistance about one-fourth greater than 
those of homogeneous iron. 

5th. That hammered steel in the late Spezzia trials proved superior to any other 
material hitherto tested for armor-plates. The 19-inch plate resisted penetration, and 
was only partially broken up by four shots, three of which had a striking energy of 
between 33,000 and 34,000 foot-tons each. Not one shot penetrated the plate. Those 
of chilled iron were broken up, and the steel projectile, though of excellent quality, 
was set up to about two-thirds of its length. This experiment seems to promise the 
solution of the problem to determine a material for armor -plates which, though limited 
in thickness to the carrying capacity of the ship to be protected, will still have suffi- 
cient resistance to break up the projectiles of the largest guns now in the naval serv- 
ice, without being penetrated or broken by the projectile. 

It seems probable that a hammered-steel plate, like that tried at Spezzia, if equal 
in thickness to the belt armor of the Inflexible (22 inches), would stop the shot of the 
100-ton gun (Armstrong), fired with its greatest practicable velocity. 

Finally, these later experiments confirm this Board in its opinion, enunciated some 
years since, that while the 1 2-inch rifled gun may prove a sufficient armament for the 
barbette batteries of our sea-coast defenses, as against the lighter iron-clads of foreign 
navies, iron turrets, armed with guns of 1 00 tons weight at least, will be needed to 
meet the attack of armored ships of the latest construction. 

The accompanying notes, prepared for the use of the Board, if printed, may prove 
of some use to the officers of the Corps of Engineers, and especially to those whose 
duties for many years have prevented them from taking any part in the discussion of 
the subject of sea-coast defenses or in their construction. 

Respectfully submitted. 

Z. B. Tower, 

Colonel of Engineers and Brevet-Major General^ 

President of Board. 
Brig. Gen. H. G. Wright, 

Chief of Engineers^ U. S. A., 

Washington^ D, C. 
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RRCORD OF FIRING OF THE xoo-TON ARMSTRONG GUN. 

[Caliber in 1876, 17 inches ; in 1879 and x88a, 17.75 inches. Length of bore, 30.5 feet. Diameter of powder-chamber in 1879, 19.75 inches. Length 

of bore in 1879, 33 feet. J 



Date of firing. 



October 23, 1876 



October a6, 1876 
October 37, 1876 



October •8, 1876 



November a, 1876. 



November 7, 1876. 



November 8, 1876. 



Ammunition. 



Performance. 



a 



•d 

c 



at 
I -O 



•d 



& 






1.5-inch cubes, 
Waltbam Abbey. 

, ... do 

....do 

. .. .do 

, ... do 

...do 



do 

do 

.do 



^Pounds. 
330 

300 

j 330 
3«9 
I 3«9 
I 340 
; 34« 



... do . . , 



• « • • • • 



December 14, X876 



do 1 

.... do 

An I 

....do j 

.... do 

Fossano 

. . . .do 

do 

do 

....do 



...do 



... do 400 



. ... do 

do 

x.5-inch cubes, 
W.A. 



April, X879 . . . 
June 23, 1879. 



x88a. 



Fossano 



34« 
341.6 

34X.6 

I 

34X.6 , 

I 

I 
I 

3«9 , 

319 i 
3x9 

353 
364 
375 
3x9 
34« 
363 
363 
240 

400 



040 
400 
264 



•a 
u 

S 



a 



• « • • 



550 
776 



'5* 
a 







57a 

550 j Gregorini 

550 Whitwortb ... 

550 Armstrong. . . 
463 



Pounds. 
a, 000 



a,ooo 
2,600 



3,000 



a, 000 
a, 000 



3,000 



a, 000 
3, 000 
2,000 



3, 000 



a,Soo 
SiSoo 
2,500 



3, 000 



2,000 
2,000 
3,000 



3,000 
2,000 
3,000 
3, 000 



3,000 



3.000 



3,000 
3,000 



3,000 



x»997 
3,033 

3,X10 

1,946 



3,010 
3,000 
a,ooo 



s. 



> « 



,348 

»4»5 
,408 

>444 
,050 

1 494 
,50a 

,063 
>499 
.a99 

,716 
,7»5 
1^73 
,736 

,645 
,700 

,83a 



Fttt. 
«i446 



»374 
.456 
,422 

>437 
.475 
,478 

f49o 
,500 

>493 

,49a 

»a94 
.a93 
.a93 
,5" 
,514 
>543 



I 



a 

V 

-a 

'13 

•a 



91^2240 



o >* 
& 

•8a 

?o o 

B lA « 



PV» 
2^2rv 3340 



Foot'4oKS. 

38,990 

26.X75 
29,39X 
28,035 
28,625 I 
30,163 1 
30,296 

I 

30,789 ! 

3X,aoo I 
30,920 

30,880 

t 

29,027 

29,000 

29,000 j 

3X.705 ' 

3I1789 I 

33>«» 
25,300 I 

27,760 

27,500 

28,900 

X5»a87 

3o»9SO , 
31,382 

«5i639 
3X1X57 I 
23.398 j 

40,785 
4X,a4i 
40,966 
40,653 

37 » 721 
40,000 

46.580 



Foot-tons. 
544.05 

490. xo 
550.30 
525.00 

535-97 
564.80 

567 -33 

576.57 
584. X9 

578.9s 
578.20 

543SO 
543 00 
543.00 

593.72 
595 29 
623.00 
47X.9X 
5x9.85 
5x4. 9X 
54X xa 
886.24 

a 

579 -SX 

585.74 

392.83 
583.40 

438. XX 

73x45 

739- 57 

734.65 
739.07 

676.09 

7x7. 3X 

8353a 



Remarks. 



V 



Against Schneider steel. 
Against Cammell iron 
plate. 

Against Marrel iron plate. 
Against Schneider steel 

plate. 
Against Marrel Sandwich 

target. 



S 



Cammell Sandwich tar- 
get. 
Gregorini Sandwich tar- 
get. 
Plate upon plate, Grego- 
rini target. 
Brown-iron plate. 
Do. 
Do. 



See Note A. 
See Note B. 
See Note C. 



Highest energy. 



*^ 



NoTB A.— Fired against a steel plate 27.55 inches thick; penetrated X4 inches ; projectile rebounded. 
NoTs B.— Fired against same plate ; pierced plate and backing, projectile remaining whole. 
Note C— Fired against same plate ; penetrated xx.8 inches. Plate destroyed with this round. 
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RECORD OF FIRING OF THE Bx-TON WOOLWICH GUN. 

(Length of bore, 24 feet.] 



r firing. 


& 




•a 




^ 




8. 




*« 




e 




•d 




.S 




M 



November and Decem- 
ber, 1875. 



September, 1875 K-inch cubes. 

... do 
.... do 
.... do 
.... do 

1 .5»inch cubes s»o 

z .7-inch cubes [ aao 

... do ' 930 

.... do 940 

z.5-hich cubes ' aao 

z. 7-inch cubes.. 

a-inch cubes . . . 

T. 7-inch cubes. . 

3-inch cubes . . . 
.... do 

z. 5-inch cubes. . 

z. 7-inch cubes. . 

a-ioch cubes . . . 
do '. 

z. 7-inch cubes.. 

.... do 

... .do 

; a-inch cubes ' 250 

'....do ' aao 

1 .7- inch cubes . . . . ' aao 

April, Z876 do aso 

, a-inch cubes • 350 




I 



March, Z876. 



aao 
aao 
330 
330 
840 
aao 
aao 
aao 
350 
aao 
330 
330 



May and June, 1876. . 



z. 7-inch cubes. 
2-inch cubes . . 
z. 7-inch cubes. 
3-inch cubes . . 
z. 5-inch cubes 
z. 7-inch cubes. 
z.5'inch cubes 
3-inch cubes . . 



360 
260 
270 
370 
350 
380 
360 
280 

z. 5-inch cubes | 370 

...do 

z. 7-inch cubes 

3-inch cubes 

z. 5-inch cubes 

z. 7-inch cubes 

3-inch cubes 

z s-inch cubes. . . . 

z .7-inch cubes ' a8o 

3-lnch cubes | 380 

z. 5-inch cubes ' 380 



360 
360 
360 
370 
370 
370 
380 



z.7-inch cubes. . . . 

3-inch cubes 

z. 5-inch cubes.... 
z.7-inch cubes. . . . 

a-inch cubes 

z. 5-inch cubes i 3Z0 

do I 900 

z.74nch cubes , 3Z0 



390 
290 
300 
300 
300 



,358 

.854 
,360 

,»58 
,afio 

}36o 
^360 

.360 

,360 

,360 
,360 

,a6o 
,a6o 
,360 
.450 
.450 
.450 
,360 
,360 
,360 
,460 
,a6o 
,460 
.460 
,466 
,466 
,466 
.466 
.466 
.466 
.466 
,466 
,466 
.466 
.466 
.466 
.466 
,466 
,466 
.466 
,466 
,466 
,466 
,466 
,466 
,466 
,466 
,466 
,466 
,466 
,466 
,466 
.466 



w/. 


Foot'4ons. 


Foot^ions. 


.393 


z6,9a3 


37*. SO 


.475 


' «8.97a 


416. 5Z 


.503 


«9.637 


43«." 


,550 


1 ao,984 


460.68 


.550 


' ao,95X 


459-95 


.5*5 


3o,3Z3 


445-94 


,4ao 


Z7,6za 


386.66 


.454 


18,465 


405.39 


,470 


z8,874 


414-37 


.505 


•9.784 


434-33 


.Soa 


»9,705 


432-59 


.48« 


«9.»57 


430.60 


.543 


30,796 


456.54 


.49« 


J9,598 


430.30 


.5«3 


>9.995 


438.95 


.440 


30,843 


457.57 


.4M 


30,097 


443.3a 


.366 


>8,756 


4". 75 


.593 


ao.a59 


444.78 


.513 


"9.995 


434.33 


.546 


30,789 


44«-»9 


.47« 


31,907 


464.92 


.536 


30,607 


437-33 


.364 


18,839 


399.59 


.484 


20,529 


435 60 


.459 


ai.645 


459-33 


.408 


30,159 


427.77 


,466 


3Z,854 


463 74 


.4^3 


ao.590 


436.93 


.484 


22,377 


475.20 


,440 


21.085 


447.43 


.45X 


31,409 


454. 3« 


.495 


33,7x8 


483.36 


.474 


22,093 


468.83 


,456 


21.556 


457-43 


.49* 


32,606 


479.7 


,480 


33,378 


473.64 


,473 


33,063 


468.19 


,484 


30,619 


437.53 


,499 


33,848 


48485 


,488 


23,514 


477.75 


.446 


3Z,863 


45«.«8 


,534 


23,900 


507.76 


,509 


2Z,355 


49».34 


.463 


21.735 


461.33 


.5*4 


33,616 


50Z.Z6 


,5a3 


23.554 


499.83 


.474 


33,093 


468.83 


.5*6 


33,679 


503.46 


,S3X 


23.835 


505.79 


.475 


33,133 


469.45 


.553 


a4.5o8 


520.40 


.535 


•3,960 


508.4a 


»55« 


«4.46z 


519.08 



Remarlcs. 



Uncliambered 
Z4.5 Indies. 



caliber. 



Unchambered ; caliber, 
15 inches. 



Diameter of chamber, 
z6 inches; caliber, Z5 
inches. 



u 



RECORD OF FTXING OF !«& ti-TON WOOLWICH GUK-CobUhmJ. 



MbtuuIJuim, ■>;«... 
July. 18/6 



AofuM uid S*ptsmb«[, 



Fcbrttu-y, 1677... 
Mut.iBtj 




lindnmlMrcd ; caliber 



M* 



Uuctiusbercd ; oallb* 
laches 1 penetrated 
Indiei wrontbt Iron. 

Caliber, 16 Inches; pcne^ 

Iron; dis 



Cellber, 16 liwhe*! i 



l^S 



'ttiTeil WOOLWICH QViN. ^ 
rCftbber, t6 iiwhw.] 
Table giving^ eUvatwns, time of flight, and first grau of fnyectiUs, 



DiUT'Ol firing. 



Ammunltioii. 



SO 



September and October, 1876. . . 



,^ 



October, 1879 



Pound*. 

370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 
370 

370 

370 

370 
370 

370 
370 
370 
S70 
370 
370 
370 
?70 
370 
370 
370 
4*5 
4*5 
4aS 
4«S 



o 



Pomnds. 
,700 
,700 
,700 
,700 
,700 
,700 
,700 
,700 
i7«> 

»7«> 
,700 

,700 

,700 

•7«> 
f7«> 
,700 

,700 
,700 
iTOo 
rTOO 
,700 
,700 
,700 
,700 
,700 
»foo 
,700 
,700 
,700 

,fOO 

(TOO 



Kind of projectile. 



PilHaer shell 


do 

do 

do 


. • • • • do •■••..•••••••• ..•• 


Common shell 

do 

• • • • • do .•..••••..••«•••••. 


do 


do 


PidUsersheU 

do ...a........ 


do 


do 


do 


do 


do 


do 


do 


Pftlliser chilled sheU 

do 


• • • • • do •.....•......,,... 


do 


do 


Miiser shell 


do 


do 


do 


do 


......do 



a 
o 

I 
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Peffonnmnce. 



Ft€t, 

3ia9« 
3t»40 
3.3<5 
3,3«8 
3,3«« 
7,035 
7,ito 

7,053 

6,99» 

^.993 
9,tit 

9.084 

9.a3? 
9,988 

9,<37 
14,061 

«4,«5« 
14,016 

«4,097 
»4»400 
«4i049 
X4>35S 
14,0*8 
14,388 

14,337 
18,750 

«8»753 
3»3^ 
3,441 
7rS75 
7>749 



I 



KeBMrtcSi 



Seconds, 
a. 9 
9. a 

a-3 
a. a 

a. a 

5. a 

5.4 

5.3 
5.S 
5-« 

6.8 
6.9 

6.6 

7.x 

6.7 

11.4 

11.3 

IX. 4 

11.4 
«t.a 
11.9 
«.4 

11.3 
XI. 5 
<i.3 
15.5 

15.5 
a.3 

».3 
S.a 
5.5 



Gre»lest distance reached by shells 
upon ricochet. 



Loading by hand, timed, found to take: 
a^ minutes. 



\ 



Projectile made a crater in sand a7 
feailong, 13 feet wide, 9 feet deep. 



/ 
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RECORD OF FIRING OF THE aft-TON WOOLWICH GUN. 
[Caliber, za.5 inches. Length of bore, 16.5 feet.] 



Date of firing. 



Ammunition. 



•a 

I 

a 



•a 




V 

I 

- u 

V 



be 



o 
•a 
.S 



ts 

o* 

a 



V 



Performance. 



SI 

n 



a 

•a 



PV 



3^2340 



§.•8 

CO u 



Remarks. 



PV« 



s^ar«-a24o 



October, 1876 
October, s8So 



October, 1876 



X .5-inch cubes Z30 

do aoo > 



I 



PaUiser shell..' 



October, 1877 



.do 130 I PaUiser shell. 



Pounds. 
800 
800 



800 



Feet. 
x,45« 
X.590 



Foot-tons, 
11,688 
14,303 



Foot-tons. 
397.64 

357-4 



At targ et, axo feet from gun. 
1,431 , IX, axo S65.4 



do 



aoo 



.do 



800 



x.5»5 



13,080 



333.0 



October, 1880 



180 



PaUiser 



838 



At targ 
1,504 



Gun unchambered. 
Gun chambered; diame- 
ter, 14 Inches. 

Penetrated 19^ inches 
wrought iron and 10 
inches of wood; gun 
unchambered. 

Penetrated ao.5 ' 
inches wrought 
iron and 15 
inches of wood. 



et, 337 feet from gun 



6 



S 



X2|545 



3»9-4 



Fired against 18- 
inch compound 
armor ; shot 
broke up. 



I-' 

IS 

a 



JS 



RECORD OF FIRING OF THE 40-CENTIMETER (71-TON) KRUPP GUN. 
[CaUber, 15 75 inched. Length of bore, 38.58 feet. Diameter of powder-chamber, 17.33 inches.] 



May 3, 1879. 



July x6, 1879 



Prism. A 398 

I ' 

Prism. C ' 385 

....do 1 485 

Prism. S 397 

do 419 

Prism. D 440 

Prism. H • 440 

Prism, a-inch R. . . | 440 

Prism. H ' 441 



August 5, 1879 



August 6, 1879 



...do 

..do 

Prism, a-inch R.. 

...do 

...do 

. .do....: 

...do 

Prism. 1 hole 

...do 

• • • Uv •••••• ••••• 

... do 

...do 

Prism. a-inch,i holel 
..do 



4^3 
485 
44' 
44« 
44X 
44X 
45s 
45a 
45a 
45a 
45a 
45a 
44* 
44X 



...do ! 441 

...do .■ 

. . . do 



44» 
44« 



Plain 

...do 

. . . do 

... do 

...do 

... do 

...do 

... do 

Shrapnel 

. . do 

...do 

...do 

...do 

...do 

. . . do 

. . . do 

. . . do 

. . . do 

...do 

...do 

. . . do '. . . . 

Common sheU 

...do 

... do 

...do 

...do 



«i707 1 


1,184 1 


16,603 


335 -48 




1,688 1,133 


M.995 


303-43 




1,701 1,437 


84,oa8 


. 485.50 




».70o 1 x,593 


a9i909 


604.41 


• 


1,694 1 1,641 


3».645 


639.68 




».7«3 


1,653 


3a. 415 


656.10 




«»694 


1,643 


31,696 


640.50 




«,'594 


«,«4S 


3«.796 


643.96 




1,713 1,633 


3«,a37 


631.48 




x,704 


1,668 


33,895 


665.10 




».7»5 


X.703 


34»503 


697.91 


Highest energy 


»»7«5 


■ 








i,7ix 
«.7X5 


• 1,633 


31,383 


633.30 


• 


1,71a 


4 








1,711 1,640 


3X,9a8 


645.4a 




«.7«5 








1,711 








1,714 > 1,648 


3a,a64 


651.98 




«,7«3 








«,709 J 








».4»9 










«,4»5 










Xi4«9 


' X.76* 


30,484 


616.14 


Highest velocit] 


! 1,418 










«.4»5 


■ 









RECORD OF FIRING OF THE 35.5-CENTIMETER (51-TON) KRUPP GUN. 
[Caliber, 14-inch =3 r. Length of bore, 35.39 ^^^' Diameter of powder-cliamber, 14.38 inches.] 



July a, S878 



(?) 



Prism. 1 hole 354 

(?) a98 



ChOled steel. 
(?) 



x»i57.5 
1,146.4 



1,631 
«»645 



ai,37a 
31,538 



486.64 
489-5 



Mean of xo rounds. 
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RECORD OF FIRING OF THE a4-CENTIMETER (x8-TON) KRUPP GUN. 
[Caliber, 9.45 inches. Length of bore, 17.5 feet Diameter of powder-chamber, xx.as inches.] 



Ammunition. 



Performance. 



Date of firing. 






.S 



December 14, 1878 Prism, s hole 



...do 

do 

do ... . 

, ... do . 

Prism. H 



January x6, 1879. 



May xa, 1879 



— do 

...do 

Prism, a-in. R. 



do 

do 

do 

do 

. . do 

....do 



I 



•a 

o 
a 



u 



Pounds. 
X3a 

154 
x6s 
173 

17a 
165 

165 
X65 

XIO 

165 

165 
173 

I X76 



u 



T3 



u 

8 

a 



•mm 



"Co 
*5 



August 7, 1879 



Prism, z hole 165 



August 8, X879 



.do 
.do 
.do 
.do 
do 
.do 
.do 



do., 
do . . 



..du 



165 
«65 
x6s 
165 
«65 
x6s 
165 

16s 

i6s 



165 



Plain,with cop- 
per band. 

do 

do 

. . . .do . . . 

... do ' 

Sh r a pnel; 

length, sKcal. 

■ • • • ^J\/ • • • • • • • 

do 

S hrapnel; 
length, a.Scal. 

do ' 

.... do 

S hr apnel, 
sKcal. 

do 

S hrapnel, 

a.Scal. 
Common shell, 
a.8 cal. 

Shrapnel 

.... do 

do 

do '. 

. . ..do 

Common shell. 

do 

Krupp steel 
shell. 

.... do 

do 



.do 



Pounds. 
300 

399 
300 
309 

354 
475 

475 
474 
364 

365 
365 
474 

474 
366 

308 

353 

353 

353 

353 

353 
300 

300 

348 

347 
348 



347 



Feet. 
'»,873 

2,047 
1,978 
a, OCX 

».9»3 
> ",673 

1.476 

\ 1,885 

* 1,688 
x,9Xo 
a,o87 



x,89a 



['. 



99« 

1,888 
I i,9ox 

p 



c 

•s 



<*4 I 

o ^ 

5 9 

o « « 



PV« PV^ 

2^3340 a^3nr2240 

Fooi~tons. Foot'tons. 
7,398 346.03 



8,683 
8,138 

8,573 
8,978 

9,330 

5»499 
8.996 

9.367 
9,360 

8,997 



8,754 



8,244 

8,594 
8,^35 

8,473 



391 . 2a 
374.08 
388.76 
303.37 

3«0'74 
185.35 

303 •«9 

315.66 
3x3.05 
303.19 



394.91 

377.69 

389.50 
393.93 

285.41 



Remarks. 



i 



Highest energy. 



Highest velocity. 



Penetrated 30 inches of 
wrought iron and went 
7,ai8 feet beyond. 

Penetrated ao Inches of 
wrought iron and went 
3,937 feet beyond. 



9357. 
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PENETRATION OF ARMOR. 

(Plate I.) 

Trials of the 100-ton gun (Armstrong), at Spezzia, 1876 and 1879. Thicknesa of 
plates, 22 inches. 

The Sl-ton gun, at Shoeburyness, 1877. Thickness of plates, 32 inches. 

The SS'ton gun, at Shoeburyness, 1876-77. Thickness of plates, 19.5 inches, 26 
inches. 

The 18 and 25 ton guns, at Spezzia, 1876. Thickness of plates, 22 inches. 

The 2 ^-centimeter (d. 4:5 inches) IS-ton Krupp gun, Meppen trials, 1879. Thick- 
ness of plates, 20 inches. 

References.— '* Engineering," Vols. XXII, XXIII, XXVII; King's ^'Navies of 
the World;" "The British Navy," by Sir Thomas Brassey, K. C. B.; Krupp's publi- 
cation, "Experiences de tir ex^cutdes au polygone de Meppen au mois aoftt 1879;" 
Gruson's publication, "Schiessversuche gegen Panzer," by Otto von Geise. 

Penetration of Armor — 100-ton Gun. 

First round. Fired at Spezzia, 1876. 

Weight of shot, 2,000 pounds; powder charge, 340 pounds; range, 100 yards; 
initial velocity, 1,495 feet; striking velocity, 1,463 feet; total striking energy, 2^,370 
foot-tons; striking energy per inch of shot's circumference, 550 foot-tons. 

description of target. 

The target was a steel plate from Schneider, at Creuzot, 22 inches thick, 12 feet 
long, 4 feet 8 inches high, with 28.8 inches of wooden backing, in rear of which were 
two iron plates, together 1 J inches thick, the whole backed by a ship's frame. 

effects. 

(Fig. 10.) 

Utter destruction of steel plate, but backing not perforated, the shot entering the 
wood to a depth of 22 inches. The framing was dangerously bulged and torn. 

Another shot, with 1,490 feet initial velocity, 2,000 pounds weight, fired against a 

second steel plate, previously fired at by 10-inch and 11-inch guns, produced same 

effects as foregoing round. 

Second round. 

Weight of shot, 2,000 pounds; powder charge, 341 pounds; range, 100 yards; 
initial velocity, 1,478 feet. 
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DESCRIPTION OF TARGET. 

The target consisted of a rolled iron plate (Cammell), 22 inches thick, 12 feet 
long, 4 feet 8 inches high, 28.8 inches wooden backing, 1^ inches iron skin, the 
whole backed by a ship's frame. 

EFFECTS. 

(Fig. 9.) 

The shot penetrated the target completely with a remaining velocity of 650 feet, 
or about 5,500 foot-tons energy, leaving a hole nearly 4 feet in diameter in center of 
target. 

Half the plate was struck away, leaving the wood bare. 

Third round. 

Weight of shot, 2,000 pounds; powder charge, 341 pounds; range, 100 yards; 
velocities higher; energies not given. 

DESCRIPTION OF TARGET. 

The target consisted of a rolled iron plate (Marrel), 22 inches thick, 28.8 inches 
wooden backing, 1 J inches iron skin, backed by a ship's frame. 

EFFECTS. 

(Fig. 9.) 

The target was utterly destroyed. The shot passed completely through, leaving 
a large hole in the center of the target. 

Fourth round. 

Weight of shot, 2,000 pounds; powder charge, 341 pounds; range, 100 yards; 
velocities and energies not given. 

DESCRIPTION OF TARGET. 

The target consisted of two rolled iron plates (Marrel); front plate, 12 inches 
thick; wooden backing, 12 inches; rear plate, 10 inches thick; wooden backing, 16 
inches ; iron skin, 1 J inches, backed by a ship's frame. 

EFFECTS. 

(Fig. 11.) 

The target, previously injured by 10-inch and 11-inch guns, was utterly destroyed 

and complete penetration obtained. The main part of the target was carried away by 

the shot. 

Fifth round. 

Weight of shot, 2,000 pounds; powder charge, 240 pounds (Fassano); velocity, 
1,050 feet; range and energy not given. 



4 
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DESCRIPTION OF TABGET. 



The target consisted of two rolled iron plates (Cammell), front plate 12 inches 
thick, 12 inches wooden backing, with iron stringers; behind this a 10-inch plate, 
16-inch wooden backing, 1^ inches iron skin, backed by a ship's frame. 

EFFECTS. 

The shot passed through front plate, cracked it tlirough from top to bottom, pen- 
etrated wooden interior, and entered 6.8 inches into rear plate. Base of shell broke up 
and the remainder was starred. The iron skin was cracked and an iron beam behind 
was doubled up. 

Total iron penetration, 18.8 inches. 

Sixth round. 

The next round fired was against a solid 22-inch plate (Brown), same cliarge as 
preceding round. The shot hit the plate at its lower edge, broke up into several pieces, 
which were deflected downwards, making a liole in the ground 6 to 8 feet deep in a 
slanting direction under the target. Though lost for the immediate object of experi- 
ment, this round was of great interest, for it showed that a shell striking the edge of a 
narrow belt of armor, which will soon be all that ships can afford to carry, will pierce 
engine-rooms and boilers and pass out below the water-line on the other side. 

Seventh round. 

Weight of shot, 2,000 pounds; powder charge, 400 pounds (Fassano); velocity, 
1,494 feet; range and energy not given. 

DESCRIPTION OF TARGET. 

The target consisted of an 8-inch wrought-iron front plate, 12 inches wood, 14 
inches chilled-iron plate (Gregorini), 16 inches wooden backing, 1^ inches iron skin, 
backed by a ship's frame. 

EFFECTS. 

The shot penetrated target completely, and caused more terrible ruin behind it 
than had occurred in any previous experiment. The shell was broken up into many 
pieces, which dashed through into the interior of the ship, carrying with them a great 
number of ragged fragments of broken plate. 

Eighth round. 

Weight of shot, 2,000 pounds; powder charge, 400 pounds (Fassano); velocity, 
1,502 feet; range and energy not given. 

DESCRIPTION OF TARGET. 

The target consisted of two plates, without any teak between them. The front 
plate, made of wrought-iron, was 8 inches in thickness; the cast-iron rear plate, 14 
inches; 28 inches wooden backing, IJ inches iron skin, and a ship's frame completed 
the target. 
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EFFECTS. 

The target was completely penetrated and ruined ; a large portion of the front 
plate was torn off, and fragments of cast iron were driven forward and out of the sides 
of the target. 

l^hree rounds were fired at a solid " Brown" plate. 

DESCRIPTION OF TARGET. 

The target consisted of a solid rolled iron plate (Brown), 22 inches thick, 28 
inches wooden backing, 1 J inches iron skin, and a ship's frame. 

Ninth round. 

First round : Weight of shot, 2,000 pounds ; powder charge, 240 pounds ; 
velocity, 1,062 feet; range and energy not given. 

EFFECTS. 

The shell penetrated 15.6 inches of iron, broke up, the head remaining in the hole. 

Tenth round. 

Second round: Weight of shell, 2,000 pounds; powder charge, 400 pounds (Fas- 
sano); velocity, 1,499 feet. 

EFFECTS. 

The target was completely penetrated, a large portion of the plate was torn off, 
and the rear so ruined as to be incapable of repair. 

Third round: Weight of shot, 2,000 pounds; powder charge, 264 pounds (Eng- 
lish powder); velocity, 1,299 feet; range and energy not given. 

EFFECTS. 

The shell just passed through the plate, tore off a large piece, and split the plate 
from top to bottom. The backing was not pierced. 

Penetration of Armor — 100-ton Gun (Chambered). 

First round. Fired at Spezzia June 23, 1879. 

Weight of shot, 2,022 pounds (Gregorini chilled iron) ; powder charge, 550 pounds; 
initial velocity, 1,715 feet; initial energy, 41,241 foot-tons; energy per inch of shot's 
circumference, 739.57 foot-tons. Range not given; at former trials it was 100 yards. 

description of target. 

The armor consisted of a steel plate 27.56 inches thick, manufactured by the 
Terre Noire iron works, and measured 9 feet by 4 feet 8 inches. 

EFFECTS. 

The shot penetrated the plate to a depth of 14 inches and rebounded, tearing off 
one-third of the plate. 
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Second round. 



Weight of shot, 2,110 pounds (Whitworth compressed steel); powder charge, 
550 pounds; initial velocity, 1,673 feet; initial energy, 40,966 foot-tons; energy per 
inch of shot's circumference, 734.65 foot-tons. 

EFFECTS. 

The shot pierced the armor and its backing, and, like the foregoing, tore off a third 
of the plate. The projectile itself was in no way deformed. 

Third round. 

Weight of shot, 1,946 pounds (Armstrong); powder charge, 550 pounds; initial 
velocity, 1,736 feet; initial energy, 40,653 foot-tons; energy per inch of shot's circum- 
ference, 729.07 foot-tons. 

EFFECTS. 

The projectile penetrated just 11.8 inches. The armor was punished severely by 
these three rounds, and although two out of three projectiles failed to pierce the plate, 
it was nevertheless rendered completely unserviceable. 

The 81 -ton Gun. Shoeburyness, 1877. 
(Thickness of plates, 32 inches.) 

PENETRATION OF ARMOR. 

Hl'ton gun (unchambered). Fired at Shoeburyness ^ February, 1877. 

Weight of shot, 1,700 pounds; powder charge, 370 pounds; range, 120 yards; 
initial velocity, 1,510 feet; striking velocity, 1,496 feet; total striking energy, 26,400 
foot-tons ; striking energy per inch of shot's circumference, 525 foot-tons. 

DESCRIPTION OF TARGET (nO. 41). 

The target consisted of four 8-inch plates (Brown), 16 feet long, 10 feet high, 
secured together in pairs by 3 bolts. The front plate was bolted to the second, the 
second to the third, the third to the fourth, and the fourth to the horizontal beams in 
the rear, with 5 inches of teak between the plates. 

Total thickness of iron, 32 inches. 

Total thickness of teak, 15 inches. 

EFFECTS. 

(Figs. 12, 14.) 

The shot was fired at an angle of about IJ^ from the perpendicular, and turned 
a little more in penetrating the target, so that its final inclination was about 2^° to the 
left and also about 2° downward The point of the projectile actually penetrated 
about 25 inches of iron, the head remaining entire in the hole and immovable, and 
about 1 1 inches of the rear part of the body broke up in the hole. 
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Shot penetrated, therefore, 25 inches of iron and 15 inches of teak. (''Engineer- 
ing," Vol. XXIII, p. 378, gives penetration into iron, 25.5 inches.) 

81 -TON GUN (chambered). 

Fired at Shoeburyness. 

Weight of shot, 1,700 pounds; powder charge, 425 pounds; range, 120 yards; 
initial velocity, 1,600 feet; striking velocity, 1,585 feet; total striking energy, 29,615 
foot-tons ; striking energy per inch of shot's circumference, 589.2 foot-tons. 

The target was the same as in preceding round. 

EFFECTS. 

(Figs. 12, 13, 14.) 

The shell penetrated about 26 inches of iron and 1ft inches of teak ; but the total 
penetration, measured from the face of the target, is 7.4 inches more than in the fore- 
going round, the difference being accounted for by the greater amount of bulge in the 
rear. The point of the shot was visible through large cracks in the back of the target, 
in some places open to a width of 2 J inches. There was about 5 inches of iron still 
in advance of the point, but this was fissured and opened in a star crack. The rear 
plate was bulged or bent back nearly 14 inches. 

The 38-ton Gun. Shoeburyness, 1876, 1877. 
(Thickness of plates, 19 J inches, 26 inches.) 

penetration of armor. 

38-fon Woolwich gtm, caliber 12.5 inches (nnchambered). Fired at Shoeburyness, 1876. 

Weight of shot, 800 pounds (Palliser shell); powder charge, 130 pounds; range, 
70 yards; striking velocity, 1,421 feet; striking energy, 11,210 foot-tons; energy 
per inch of shot's circumference, 285.4 foot-tons. 

description of target (no. 40). 

The target consisted of three 6J-inch wrought-iron plates, with 5 inches of teak 
between each pair. They measured 10 feet in length and 8 feet in width, and were 
secured to a timber structure. Total iron thickness, 19 J inches; teak, 10 inches. 

Note. — A projectile of the 38-ton gun nearly penetrated an armored target of 
the following combination, viz: A 1 2-inch plate, an 8-inch plate, 6 inches of teak, 
and a 5-inch plate, into which last it penetrated 2 inches, or, altogether, 22 inches of 
iron and 6 inches of teak. 

effects. 

The projectile made clean holes, 12 J inches in diameter, through the front and 
middle plates, and formed a hole of the same diameter part of the way through the 
rear plate, knocking off the back moulds of this plate to a depth of 4 inches, the area 
of injured surface in rear measuring 2 feet 4 inches by 2 feet 3 inches. 
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The head of the shell was picked up in rear in an entire state, the point being 
uninjured and the form of the head unaltered. The main part of the body, which 
also passed through the target, was found broken into a few large pieces. 

38-TON WOOLWICH GUN, CALIBER 12.6 INCHES (cHAMBERED). 

Fired at Shoeburyness^ March ^ 1877. 

Weight of shot, 800 pounds; powder charge, 200 pounds; range, 70 yards; 
striking velocity, 1,525 feet; striking energy, 13,080 foot-tons; energy per inch of 
shot's circumference, 333 foot-tons. 

DESCRIPTION OF TARGET. 

The target fired at in the foregoiiig round was strengthened by the addition of a 
fourth 6^-inch plate in front, with 5 inches of teak between it and the one behind it, 
being the same thickness as in the intervals between the other plates. The target 
now contained 26 inches of iron and 15 inches of teak. 

EFFECTS. ' • 

(Figs. 15, 16, 17.) 

The shell, on entering the front plate, felt the least resistance to be on its proper 
right side, and therefore turned in that direction about 5° from the perpendicular. It 
penetrated the target till its point got something less than an inch into the back plate. 

18-TON AND 25-TON GUNS. SpEZZIA, 1876. 

(Thickness of plates, 22 inches.) 

PENETRATION OF ARMOR. 

18-ton {lO'incK) gun. 25'ton (ll-inch) gun. Fired at Spezzia^ 1876. 

18-<ow gun. — Weight of shot, 397 pounds (Palliser shell); powder charge, 77.2 
pounds; range, 100 yards; striking velocity, from 1,3*<8 feet to 1,398 feet; striking 
energy, from 5,269 to 5,537 foot-tons. 

25'ton ^ww.— Weight of shot, 531 pounds (Palliser shell); powder charge, 94.6 
pounds; striking velocity, 1,260 feet; striking energy, 5,677 foot-tons. 

DESCRIPTION OF TARGET. 

Schneider steel plate. Thickness of solid plate, 22 inches; 28.8 inches wooden 
backing, in rear of which came two thin iron plates, together 1^ inches thick, the 
whole backed by a ship's frame. 

EFFECTS. 

. (Fig. 2.) 

The shot of the 18 -ton gun struck the plate near the center and penetrated about 
10 inches. At first the plate appeared to be but little damaged, but shortly after it 
split in two cracks, one running from the hole to the edge of the target, the other 
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extending some distance, but not to the edge of the plate. The shell was shattered 

into fragments. 

(Fig. 4.) 

A salvo from the 18-ton and 25-ton guns, fired next, dislodged a large piece from 
the right-hand top corner of the plate. The cracks already made were opened much 
wider and fresh cracks were visible. The entire plate, in foct, had suffered very 
severely and was far on the way to destruction. 

Cammell wrought-iron ^/ate.— Thickness of solid plate, 22 inches; 28.8 inches 
wooden backing, 1 J inches iron skin, the whole backed by a ship's frame. 

EFFECTS.' 

(Fig. 1.) 

The 18-ton gun fired one round, the shot penetrating about 10.8 inches Two 
cracks were developed, extending from a bolt-hole on left hand of target to the edge. 

(Fig. 3.) 

The next round was a salvo from the 18-ton and 25-ton guns. 

The 10-inch shot struck near the edge of the plate upon a bolt, which was driven 
in, and a penetration of 1 8 inches was effected. 

The 11 -inch shot penetrated 13 inches and broke up. 

The top layer of teak was lifted above the target edge; the entire plate was 
driven back one inch, a crack was made which extended from a bolt-hole to edge of 
plate, and the frame at tlie back was much shaken. 

Mart el wrought-iron plate. — Thickness of solid plate, 22 inches; 28.8 inches 
wooden backing, 1 J inches iron skin, the whole backed by a ship's frame. 

EFFECTS. 

(Fig 1.) 

The 18-ton gun fired one round, shot penetrating about 11 inches, opening a 
crack from lower left-hand bolt-hole. 

(Fig. 3.) 

A salvo from 18-ton and 25-ton guns dislodged a huge mass of iron, and a crack 
was formed extending from a bolt-hole towards the top edge of plate. 

The shots penetrated 12^ and 14 J inches. 

Cammell tvrotight-iron sandwich target— Thickne&s of front plate, 12 inches; rear 
plate, 10 inches, with 12 inches of wood between plates and 16 inches wooden back- 
ing, 1^ inches iron skin, the whole supported by a ship's frame. 

EFFECTS. 

(Fig. 6.) 

First round, 18-ton gun; shot penetrated l.'i inches from the face of the target. 

Iron penetration, 12 inches. 
9357 4 
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(Fig. 8.) 

The second round was a salvo from the 18-ton and 25-ton guns Both projectiles 
pierced the front plate and penetrated 2.4 inclies into the rear plate, dislodging the 
right-hand corner of plate. 

Marrel wrought-iron sandwich target, — Thickness of front plate, 12 inches; rear 
plate, 10 inches, with 12 inclies of wood between plates and 16 inches wooden back- 
ing, 1 J inches iron skin, the whole backed by a ship's frame. The construction of 
this target was the same as Cammell's sandwich target. 

EFFECTS. 

(Fig. 5.) 

The shot of the 18-ton gun penetrated only 10 inches into the front plate, but 
split it in several directions, some pieces being nearly detached. 

(Fig. 7.) 

The next round was a salvo from the 18-ton and 25-ton guns. The 10-inch shot 
pierced the front plate and penetrated 1 inch into the wood. 

The 1 1-inch shot, after going through front plate, penetrated the rear plate to a 
depth of 2 inches. 

The front plate was much cracked and pieces of it were quite detached, and wide 
fissures opened. 

Penetration of Armor. — 24 Centimeters (9.45 inches) Krupp Gun, Fired- at 

Meppen, 1879. 

DESCRIPTION of TARGET. 

The target consisted of two wrought-iron plates; front plate, 12 inches thick; rear 
plate, 8 inches, with 2 inches of wood between them ; the whole supported by heavy 
timber. Total thickness of iron, 20 inches. 

First round. — Weight of shot, 348 pounds (Krupp steel shell, 2.8 caliber) ; pow- 
der charge, 165 pounds; initial velocity, l,H()l feet; striking velocity, 1,876 feet; 
striking energy, 8,508 foot-tons; striking energy per inch of shot's circumference, 
286.6 foot-tons ; range, 492 feet. 

EFFECTS. 

(Figs. 18, 19.) 

The projectile pierced the target and went 7,218 feet beyond. The plate showed 
a crack about 19 inches long and .08 inch wide. 

The shell was shortened .6 inch, but otherwise remained intact. 

Second round. — Weight of shot, 34 7 pounds (Krupj) steel shell, 2.8 caliber) ; powder 
charge, 165 pounds; initial velocity, 1,876 feet; striking velocity, 1,852 feet; striking 
energy, 8,243.6 foot-tons; striking energy per inch of shot's circumference, 277.6 foot- 
tons ; range, 492 feet. 
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EFFECTS. 

(Figs. 18, 20.^ 

The shell passed through target and went 3,937 feet beyond. It produced 3 
cracks, one in the upper portion 27^ inches long, on the average 1^ inches wide, 
extending to the edge of the plate. The other two cracks were in the lower part of 
the plate, extending to the right and left, one about 23 inches long and .08 inch wide. 

The shell, when recovered, was found to be shortened about .S inch, but other- 
wise intact. 

COMPOUND ARMOR TRIALS. 

At Portsmouth: 1877, 1878, 1879, 1880, 1882. Gun, 9-inch (12-ton); gun, 10- 
inch. Thickness of plates, 9 inches, 10.6 inches, 1 1 inches. 

At Shoeburyness: 1877, 1879, 1880. Gun, 7-inch; gun, 9-inch (12-ton); gun, 
12.5-inch (H8-ton). Thickness of plates, 5 inches, 9 inches, 10 inches, 18 inches. 

At G§,vres, France: 1880. Gun, 32 centimeters (12.6-inch). Thickness of plates, 
15.75 inches, 19.6S inches. 

Referencks.—'* Engineering," Vols. XXIV,XXV; ^*The British Navy," Vols. I and 

II, by Sir Thomas Brassey ; "Revue Maritime et Coloniale," December, 1880, May, 

188IJ October, 1881; *'Army and Navy Journal," September 9, 1882; "Ordnance 

Notes," No. 205. 

COMPOUND ARMOR. 

Trials at Portsmouth^ in 1877, on hoard the target-ship Nettle, 

Gun, 12'ton (d4nch) M, Z>. Woohvich B, — Weight of shell (Palliser), 250 pounds; 
powder charge, 50. pounds; initial velocity, 1,420 feet; initial energy, 3,496 foot-tons; 
initial energy per inch of shot's circumference, 123.6 foot-tons; range, 30 feet. 

Three shots, forming a triangular diagram, were to be fired at each platCj the 
points of impact being about 2 feet apart. The line of fire was normal to the face of 
the targets. 

The targets were held by 2i-inch steel bolts to a strong timber backing. 

In order to have a basis of comparison, a solid wrought-iron plate, made by Messrs. 
Camraell, was fired at first. 

This plate was 9 feet 9 inches wide, 7 feet 9 inches high, and 9 inches thick. 

The first shot fired penetrated the plate; the other two failed to penetrate it, but 
the plate was bulged in the rear considerably. 

DESCRIPTION OF TARGETS. 

First target consisted of a compressed steel plate, 9 inches thick, made by Sir 
Joseph Whitworth. It measured 6 feet 8 inches in width by 6 feet in height. 

The plate had fifty hardened screw plugs inserted so close to each other that a 
projectile could not do more than slightly penetrate the plate without coming in con- 
tact with some of the plugs. Sir Joseph thus claims to obtain a maximum strength 
with reduced thickness of armor. 

The steel plate had a tensile strength of about 40 tons per square inch; the plugs, 
about 100 tons per square inch. 
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EFFECTS. 

First round. — Shot penetrated 4.1 inches. 

Second round, — Shot penetrated 2.85 inches. 

Third round. — Shot broke up, head remaining in plate. Penetration not ascer- 
tained. 

The plate resisted the shot well, l)ut was much starred for lack of oil toughening. 

The plugs successfully performed their allotted task of breaking up the projectile, 
but they also appeared to assist in cracking the plate. 

Second target was made of sub-carburized steel by Messrs. Cammell. The plate 
measured 9 feet 5^ inches in width, 7 feet 9 inches in height, and 9 inches in thickness. 
It was a solid steel plate, in which the carbon was so low, being reduced to .13 per 
cent, that the metal approached in character to wrought iron. The object in view in 
producing this metal was to obtain a steel plate which should offer a greater resistance 
than iron to penetration, and yet not star under impact. 

EFFECTS. I 

I 

The plate did not star, but it split; each successive round further developing the 
cracks. The steel was of very high quality, and the plate came out from the ordeal- 
remarkably well. 

Third target was a combined iron and steel plate, made under the patent process 
of Mr. Alexander Wilson, which consists in heating the iron plate, in a specially con- 
structed furnace, to a certain degree of redness, and, while in the furnace, in pouring 
upon it the molten steel to the required thickness. 

The steel has a much higher temperature than the iron plate; that of the latter 
being comparatively low. The excess of heat in the steel beyond the welding temper- 
ature of the iron serves to bring up the surface of the iron to a welding heat. The 
carbon in the steel carburizes the iron to a depth of from one-eighth to three-sixteenths 
of an inch, thus forming a zone of mild steel between the hard steel and the iron, 
which constitutes nn inseparable weld. 

The iS^fce platt*, which was tried at Shoeburyness, gave remarkably good results. 

The steel is produced by Siemens' process. 

The plate tried consisted of a steel face, 4 inches thick, containing .64 per cent, of" 
carbon, followed by 5 inches of wrought iron, and measured 9 feet 9 inches in width, ^ 

7 feet IJ inches in height, and 9 inches in thickness. 

EFFECTS. j 

First round. — "^riie shot effected a complete penetration, and was estimated to have 
gone about 15 inches into the wooden backing. 

Second round. — The shot went through and about 9 inches into the backing. 

Third round. — Was not fired. 

The plate showed marked signs of defective welding, and there were appearances 
of burning in the metal. It was therefore concluded that this system was not fairly 
represented. 
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Fourth target wa& a sandwich steel and iron plate, 8 feet wide, 5 feet 11 inches 
high, and consisted of a face plate of iron three-fourths of an inch thick, a central 
plate of steel 6^ inches thi(*k, and a back plate of iron 1 f inches thick. The steel con- 
tained .57 per cent, of carbon and was considered hard. 

Total thickness of metal, 9 inches. 

EFFECTS. 

The penetration at the first round was 6.75 inches; the second round produced a 
long crack; while the third round punished the plate severely. 

Here, again, imperfect manufacture was apparent, the result, as before, of the 
manufacturer having been overtasked in having to produce the plates to the order of 
the government within a comparatively limited period. 

Trials at Portsmouth, in 187S, on board the target-ship Nettle. 

The conditions under which these trials were made were similar to those in the 
previous experiments, except that in the last the projectiles were said to be of some- 
what harder character, and were also fitted with gas-checks, which gave a higher ter- 
minal velocity and rendered the ordeal somewhat more severe. 

The three shots on each plate were delivered at three marked points, 2 feet apart, 
and forming a triangle with the apex downw^ards, the second shot in each case being 
delivered at the apex. 

DESCRIPTION OF TARGETS. 

Target No. 1 consisted of equal thicknesses of steel and wrought iron, having a 
face of low steel 4J inches thick, welded upon a backing of iron 4^ inches thick. The 
plate was made under tlie jnitent process of Mr. J. T). Ellis, which consists in attach- 
ing the steel to the iron plate after it has been heated in the furnace. 

Mr. Ellis produces his steel by the Bessemer process. 

The plate measured 7 feet 9 inches by 6 feet 8 inches, 9 inches thick, and was 
secured by navy bolts to timber backing. 

EFFECTS. 

The first shot cracked the plate from the point of impact to the apex of the tri- 
angle, while the second caused a continuation of the crack to the bottom of the plate, 
* which penetrated through the target. Other cracks did not extend beyond the steel. 

The projectiles, which all broke up on impact, each caused a bulge of 3 inches to 
the rear of the iron plate, and no cracks were developed except at the points of impact. 

The weld between the metals was perfect. 

Target No, 2. — The plate consisted of equal thicknesses of steel and wrought iron, 
having in this case a face of harder steel, 4^ inches thick, welded upon a backing of 
iron 4J inches thick, the welding process being Uie same as in the foregoing plate. 

The plate measured 7 feet 6 inches by 6 feet 7 inches, 9 inches thick, and was 
secured by navy bolts to a timber backing. 

EFFECTS. 

The plate, under the impact of the projectile, cracked and starred in all directions; 
the third shot, which struck a bolt, caused a large portion of the plate, about one- 
third, to become detached. 
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The projectiles were broken up into small fragments, but they had punished the 
plate severely, both steel and iron being cracked through. 

Trials at Portsmouth, in 1879, on board the target-ship Nettle. 

Gun, 12'ton (d-inch) M. L, Woohvich B. — Weight of shot, 251 pounds (Palliser); 
powder charge, 50 pounds; initial velocity, 1,420 feet; range, 30 feet. 

The conditions under which these trials were made were similar to those already 
mentioned. 

DESCRIPTION OF TARGET. 

The plate was manufactured by Messrs. Cammell & Co., and consisted of a steel 
face 3J inches thick and 5 J inches of iron ; total thickness of metal, 9 inches. It 
measured 7 feet by 8 feet, and represented a section of the armor intended for the 
turret of the Inflexible. 

EFFECTS. 

The first shot struck the armor at the center ; the point of projectile remained 
fixed in the plate ; the body broke up. The heads of the other two shots indented 
the plate to the same depth, while their bodies were shattered into small fragments. 
The face of the plate showed a number of fine superficial cracks after the first round, 
which were enlarged by succeeding shots, but the armor still remained serviceable. 

Trials at Portsmouth, Septeniber 28, 1880, on hoard the target-ship Nettle, 

Gun, 12ton (dinch) M, L. B, — Weight of shot, 270 pounds (Palliser shell, with 
gas-check); powder .charge, 50 pounds; velocity,. 1,406 feet; range, 30 feet. 

The conditions under which these trials were made were similar to those already 
mentioned. 

DESCRIPTION OF TARGET. 

The plate was made by Messrs. Cammell, and measured 6 feet 3 inches by 7 feet, 
having a total thickness of 1 1 inches, of which 3 inches were cast steel. 

EFFECTS. 

None of the three shots pierced the plate ; one projectile penetrated 6 inches and 
remained fixed in the plate; the other two broke up into small fragments. 

DESCRIPTION OF TARGET. 

The plate was made by the Ellis process, and measured 7 feet 10^ inches by 5 
feet 5 inches. Thickness of metal, 10.6 inches, of which 3.54 inches were steel, the 
rest iron. 

, EFFECTS. 

The first shell made an indent of 4.92 inches ; the second, 4.82 inches ; and the 
third, 5.51 inches. The heads of the first two shells remained fixed in the plate until 
the shock of the third knocked them out. 

The shells, with the exception of the heads, were broken into numerous frag- 
ments. The first and third rounds produced but slight cracks, while the effects of the 
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second round were more serious ; but the full extent of the damage to the plate could 
not be ascertained, as the frame and backing obstructed the view. 

Trials at Portsmouth^ July, 1882, on board the target-ship Nettle, 

Gun, lO'inch. — Weight of shot, 400 pounds; powder charge, 70 pounds; range, 
30 feet. Velocity and energy not stated, but former firing gave initial velocity, 1,364 
feet; total initial energy, 5,165 foot-tons; energy per inch of shot's circumference, 
164.4 foot-tons. 

DESCKIPTION OF TARGET. 

The armor-plate was manufactured by Sir John Brown & Co., on the Ellis prin- 
ciple, and measured 7 feet 9 inches by 5 feet 10 J inches, 11 inches thick. 

It had previously been fired at with a 9 inch gun, under the usual conditions, viz : 
50 pounds powder, 250 pounds chilled shell ; range, 30 feet. The first shot had pro- 
duced the small indent of 3.7 inches without any crack, while the second and third 
rounds produced indents of 4.4 inches and 3.9 inches, respectively, and several cracks, 
one of which extended to the edge of the plate. 

EFFECTS. 

The first shot was fired at the right bottom corner, 2 feet from each edge, and 
produced a clearly defined indent of 4.4 inches and several cracks circumferential to 
the point of impact, one of which reached to the bottom edge and extended through 
the plate. 

The second shot was directed against the left bottom corner, 1 9 inches from the 
side and 23 inches from the lower edge, while the third fell at the right top corner, 19 
inches from the top edge and 2 feet from the side. 

Owing to the points of the shell remaining fixed in the plate, the depth of the 
indents could not be measured. 

The bulges at the back varied from three-eighths to seven-eighths of an inch in 
height, and were not opened out. 

Considering the severity of the second test, and that there was hardly room left 
for another shot, the damage efi'ected was slight, and the plate would still have afibrded 
efficient protection. 

The heavier gun seems to have slightly pushed in the entire surface of the plate 
within certain areas, defined by various injuries, but without showing any increased 
penetration. 

Compound Akmor. 

Trials at SJmhuryness, 1877. 

Gun, 7 'inch, — Weight of shot, 113 pounds; powder charge, 30 pounds; range, 
30 yards ; velocity, not given. 

DESCRIPTION OF TARGETS. 

Target No. 1 was a hammered plate with a 5-inch face of hard steel, containing 
64 per cent, of carbon, welded upon 4 inches of wrought iron. 
Total thickness of metal, 9 inches. 
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EFFECTS. 

The projectile broke up in its head as well as in the body, the plate being scored 
all over its face by the flying fragments. The diameter of the shot mark was 9J 
inches ; the point of the shot had penetrated little more than 3 inches, whereas with 
the same energy in striking it would in a wrought-iron plate of the same thickness 
have reached to a distance of 1 2 inches from the face of the plate. 

Target No. 2 was rolled, and consisted of 4^ inches of somewhat softer steel than 
the foregoing (containing .48 per cent, of carbon) and 4| inches of iron. 

Total thickness of metal, 9 inches. 

EFFECTS. 

The shot indented the plate to a depth of nearly 5^ inches and broke up, but was 
not so thoroughly destroyed as in previous experiment. 

Trial with a d-inch (12-ton) gun. 

Weight of shot. — First round, 268 pounds (Whitworth compressed steel shell) ; 
second round (Gammell cast-steel shell). Range, 50 yards. 
No other data given 

•DESCRIPTION OF TARGET. 

The plate measured 10 inches in thickness, of which 4 inches were steel and 6 
inches of ordinary iron. The plate was unbacked and unsupported. 

EFFECTS. 

The Whitworth shell indented the plate to a depth of 10^ inches, producing a 
considerable crack at the back. Though the face was cracked, the steel adhered to 
the iron. The projectile was much set up. 

The Gammell cast-steel shell went through the plate, the head being broken into 
three pieces and the body into several more. Hie steel face of the plate was more or 
less cracked, but still continued to adhere to the iron. 

Trial with a l-inch gun, Simburyness 

Gun^ 7 'inch. — Weight of shot, 1 13 pounds ; powder charge, first round, 8^ pounds; 
powder charge, second round, 25 pounds ; range, 30 yards ; velocities not given. 

DESCRIPTION OF TARGET. 

Two compound plates, manufactured by Messrs. Brown & Co., were tried. They 
were made by heating hard masses of Bessemer steel and wrought iron in an ordinary 
furnace and rolling them down to 5 inches in thickness, borax being used as a flux. 
The steel and iron were in equal parts, the former containing .5 per cent, of carbon. 
One plate was hardened and the other unhardened. 
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EFFECTS. 

First round (8 J pounds powder), — The hardened plate was indented 3^ inches, or 
about half the depth of the usual indentation from the same blow on a rolled-iron plate 
of 5 inches. 

Second round (25 pounds powder). — The shell just forced its point through the 
plate and broke up. 

The unhardened plate offered a less satisfactory resistance. 

In IH79 further experiments were carried out at Shoeburyness with I4-incli 
wrought-iron armor in comparison with r2-inch compound armor, both being unbacked. 

The average penetration into five steel plates was about 6^ inches, and into eight 
iron plates 13^ inches. 

Trial at ShoehurynesSj 1880. 

Gun, SS'ton {12^'inch), — Weight of shot, 828 pounds (Palliser) ; powder charge, 
180 pounds; range, 227 feet; initial velocity, 1,516 feet; striking velocity, 1,504 
feet; striking energy, 12,545 foot-tons. 

DESCRIPTION OF TARGET. 

The plate was manufactured by Messrs. Cammell & Co., was 18 inches in thick- 
ness and of large area. The face consisted of 5 inches of steel, united at the back to 
13 inches of wrought iron, the entire mass constituting what is termed a steel-faced 
plate. It rested against a mass of timber without being fastened. 

EFFECTS. 

The projectile broke up on contact with the plate, driving part of the ogival 
head into the metal, and producing two horizontal cracks extending right and left 
from the spot where the shot struck. The crack on the left was scarcely continuous, 
but showed itself as far as the edge. The crack on the right was more pronounced, 
and probably went as far as the right edge, but this could not be seen, owing to the 
intervening supports. 

There was no reason to suppose that either crack extended deeper than the steel, 
and consequently the plate on the whole may be said to have suffered but little. 

On the other hand, a steel shell tired from the same gun against a I b*-inch com- 
pound plate, with a striking energy of 12,547 foot- tons, broke the plate completely, 
the projectile itself breaking up 

Trials at Gdvres, France^of the armor of the Terrible with the 32'Centimeter (12.6-iwcA) gun. 

No data given as to charge, range, and velocities. 

(Note.— "The British Navy," Vol. II, pp. 106-7, gives the following for a 32- 
centimeter gun: Weight of steel and chilled shot, 770 pounds; weight of common 
shot, 630 pounds; weight of powder, 132 pounds; initial velocity for steel shot, 1,394 
feet; initial velocity for common shot, 1,496 feet; energy of steel shot, 10,390 foot- 
tons; energy of common shot, 9,730 foot-tons.) 
9357 5 
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DESCRIPTION OF PLATE. 



The plate was manufactured by Schneider, of Creuzot, and weighed 18 tons. 
The upper part had a thickness of 19.68 inches and the lower part a thickness of 16.75 
inches. 

EFFECTS. 

Three shots were fired against the plate at points which formed an equilateral 
triangle, the sides of which measured 31^ inches. The projectile in striking the plate 
broke up and produced but slight indents. 

The first shot only caused three small cracks on the face of the plate; the two 
following rounds produced no new cracks. The examination of the rear face proved 
that the plate withstood the trial exceptionally well. 

** Ordnance Notes" No. 205, p. 3, gives the following: 

** The use of this compound armor plating is now extending in England, and in 
France also it has' been used upon two great ships, in consequence of experiments made 
in March and April, 1880. In these experiments six different plates, of thickness vary- 
ing from 1 5.75 inches to 19.68 inches, were tried; of these one was a compound of iron 
•and steel, one was of iron, two of cast steel, and two of forged cast steel. They were 
subjected to the fire of a 32-centiiiieter (12.598-inch) gun at 288.7 feet distance. 

** In the first round, with a chilled cast-iron projectile weighing 758 pounds and 
having an initial velocity of 1^473 feet, the compound plate was penetrated to a depth 
of 7.7 inches, one hard-steel plate 14.9 inches, one soft-steel plate 1 9.7 inches, the cast-steel 
plate 18.5 inches, and the wrought-iron plate 24 inches. A second projectile similar to the 
first, but having an initial velocity of 1 ,433.7 feet, penetrated 8.7 inches in the compound 
plate, 21.5 inches in the hard-steel plate, and passed through all the others. A third pro- 
jectile of steel Avhen fired again§t the compound plate rebounded from it." 

GRUSON CHILLED IRON ARMOR TRIALS 1869, 1873, AND 1874. 

(Plate III.) 

Guns. — 15-ceiitimeter (6-inch) R.; 17-centimeter (6.7-inch) R.; 21-centimeter 
(8.27-inch) R.; 24-centimeter (9.45-inch) R.; 28-centimeter (11-inch) R.; 28-centi- 
meter (11 -inch) rifled mortar. 

Thickness of armor, — 21.62 inches, 28.H inches, 31.5 inches, 35.4 inches. 

Tliickness of proof-plates. — 7.8 to 11.8 inches, 9 to 10 inches. 

References. — Gruson's publications, "Gruson's Hartguss- Panzer," Berlin, 1878; 
*^ Mittheilungen des Ingenieur Comites," 22te Heft, 1877, by Major Kuster. 
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Gruson's Chilled Iron Armor. 

'First trial in 1869. 

(Maximum thickness of armor at embrasure, 28.3 inches.) 

Gun^ My-centimeter (6'inch). — Fired three rounds, solid steel shot. Striking 
energy per round, 365 foot-tons. 
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EFFECTS. 



All the shot broke up, producing no effect on the armor. 

Gun^ short 2l'Cefitimeter (S,27 -inch). — Fired six rounds, of which three were 
solid steel and three chilled-iron shot. Striking energy per round from 1,560 to 1,876 
foot-tons. 

EFFECTS. 

The rounds produced small indents, 0.25 to 0.37 inches deep, and two cracks 8 
and 9J inches long, .06 inch wide. 

Gun, 2Ai' centmieter (9.45-iwcA). — Fired four rounds, of which one was solid steel 
shot and three were chilled-iron shells. Striking energy per round from 3,048 to 3,080 
foot- tons. 

EFFECTS. 

These four rounds produced two fine cracks near the embrasure and indents 
three-eighths inch deep. 

Gun, long 2 \ -centimeter {^.21 -inch). — Fired seven rounds, four of which were 
chilled-iron shells and three chilled-iron shot. Striking energy per round from 2,706 
to 2,716 foot-tons: 

EFFECTS. 

These rounds produced new ci'acks and lengthened existing cracks. A piece of 
the armor was knocked off. 

The total number of rounds fired against the armor were twenty, ten of which 
were solid steel and chilled-iron shot, striking a surface a little over 18 inches 
square with a total energy of 26,675 foot-tons. All the projectiles broke up on 
impact 

Trial of an embrasure plate ; maximum thickness 31,6 inches. December, 1873. 

Gun, 2S'Centimeter (ll-iweA).— Fired three rounds with blind chilled-iron shell. 
Energy per round, 5,683 foot-tons. 

EFFECTS. 

The three projectiles hit the armor in nearly the same place, about 9 inches from 
the cheek of the embrasure. 

The first round produced a flat indent, slightly starred ; the second two fine 
cracks about .07 inch wide, one of which was visible in the rear ; while the third 
round produced some more fine cracks. 

Trial of an embrasure jylate, 5 feet 8 inches square; maximum thickness 2lf inches. May, 

1874. 

Gun, lb-centimeter (6-inch), — Fired 193 rounds loaded common shell. Energy per 
round, 612 foot- tons. Ten rounds loaded chilled-iron shell. Energy per round, 706 
foot-tons. 
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EFFECTS.^ 

The first thirty-two rounds had no effect on the plate. The thirty-third round 
caused a slight indent 2 inches wide, which slowly increased with succeeding rounds, 
but was confined to tlie surface of the plate. After the seventieth round a fine crack 
appeared, extending from the point of impact towards the interior of the embrasure, 
but which did not increase with succeeding rounds. 

Gun, n -centimeter (6.1 -inch). — Fired twenty rounds loaded chilled-iron shell. 
Energy per round, 1,478 foot-tons. 

EFFECTS. 

The sixth round produced the first effect, consisting of a fine crack lOJ inches 
long, which increased in length with subsequent rounds, extending, towards the upper 
and lower edge of the plate. The eighth round broke off the left corner of the plate, 
while the next twelve rounds produced only additional fine cracks and slight abrasions. 

Gun, 15'Centimeter {S-inch). —Fired 65 rounds loaded chilled shell. Energy 
per round, 706 foot-tons. 

EFFECTS. 

The eleventh round of this series produced a crack between the two embrasures, 
other cracks appearing during subsequent firings, some of them one-quarter inch 
wide. The face of the armor showed abrasions 3 inches deep. 

There were fired against this armor in all two hundred and eighty-eight rounds, 
with a total energy of 200,553 foot-tons. 

After the firing the armor was still considered serviceable. 

Trial of a Rvoof plate 7.8 to 11.8 inches thick 

Gun, 2S'Centimeter (l\-inch) rifled mortar. — Range, 2,913 feet; elevation, about 
30°; energy per round, 3,760 foot-tons. 

Forty-five rounds common blind shell were fired, of which five hit the plate. 

EFFECTS. 

The plate was punished severely, completely cracked through, and separated into 
five different pieces, which were ready to fall. 

Trial of an embrasure plate ; maximum thickness, 35.4 inches. July and August, 1874. 

Gun, 2S'Centimeter (11-iwcA).— Fired nineteen rounds blind chilled-iron shell. 
Energy per round, 5,683 foot-tons. 

EFFECTS. 

(Fig. 21.) 

On account of the curvature of the plate, the projectiles struck the armor at angles 
varying from 20° to 90° to the face. 

The first two rounds produced no visible effects; the third cracked the plate from 
the upper part of the embrasure to the top of the plate, the crack being visible in the 
rear. The fourth round, striking the plate below the embrasure, produced a crack 
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which extended from the sole of the embrasure to the bottom of the plate, thereby- 
separating the plate into two parts. The fifth round caused another crack, while the 
sixth and seventh produced no visible damage. After the eighth round another small 
crack appeared, while the ninth and .tenth rounds left no effect. After these ten 
rounds had been fired the face of the armor showed indents ranging from 2J to 5 
inches deep, while on the rear face three distinct cracks were noticed extending from 
the center of the embrasure to the top and bottom of the plate and to the right, 
whereby the right upper quadrant of the armor became detached, though still remain- 
ing in position; on the left half of the plate another fine crack had appeared. 

The eleventh round caused a crack which extended from the point of impact to 
the bottom of the plate. 

The twelfth round increased already existing cracks and damaged considerably 
the roof covering. 

The thirteenth round knocked down a portion of the roof covering and pressed 
also the right upper quadrant of the armor slightly to the rear. With this and the 
succeeding rounds a gradual disintegration of the armor took place. The effects of the 
firing were marked by additional cracks appearing on the rear face, principally 
around the embrasure, while the face of the armor showed large indents and abrasions. 

The sixteenth round knocked off a small piece of the edge of the adjoining pillar 
plate. 

The next three and last rounds caused but slight changes in the condition of the 
armor, which was now divided into four parts, of which one, namely the right upper 
quadrant, had only been disturbed, having been pressed back from its original posi- 
tion about 3 inches. 

The rear face of the armor- showed a network of cracks with slight abrasions 
along their edges. 

The front face of the right lower quadrant exhibited a surface about 6 feet 
square, abraded and indented to a depth of 3 inches. 

The general form of the armor remained unchanged, and although divided into 
four pieces, it still held together and was considered in a serviceable condition ; yet it 
was apparent that a few more rounds would demolish it. 

Trial of a roof plate ^ to \0 incites thick 

Gun, 2S'Centimeter {11 -inch) B. — Fired five rounds blind chilled-iron shell. 
Striking energy, 7,450 foot-tons, normal to the plate. Angle of fall, 20°. 

EFFECTS. 

The first two shots made only slight indents and starred the surface ; the third 
round produced larger cracks, which extended to the edge of the plate. The fourth 
shot cracked the plate into two parts. The fifth round added no new cracks, but it 
widened and lengthened the existing ones, also knocking down a piece of the armor. 

Although severely punished, the roof plate was yet considered serviceable. 
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TRIAL OF COMPOUND AND STEEL ARMOR PLATES, AT SPEZZIA, 

NOVEMBER 16-21, 1882. 

(Plate IL) 

The Italian authorities, having adopted for the towers of the Italia and Lepanto 
plates 18.9 inches thick, tested the trial plates furnished for that purpose by the manu- 
facturing firms of Sir John Brown & Co. and Cammell & Co., of England, and Schnei- 
der, of France, at Spezzia, in November, 1882. The gun used in making the tests 
was the muzzle-loading 100-ton Armstrong rifle. 

TRIAL OF CAMMELL's PLATE. 

(Figs. 1,2, 3, 10.) 

This plate consisted of a wrouglit-iron foundation plate, with a steel face 
applied by Wilson's patent method, the steel being run on the face of the wrought 
iron and the whole rolled down from a thickness of about 30 to 18.9 inches. The 
steel, extending to a depth of about fJ inches in the finished plate, contained about 0.^5 
per cent of carbon. The plate measured 18.9 inches in thickness, 10 feet 10 inches 
in length, and 8 feet 7 inches in height, and weighed nearly 31 J tons. The plate was 
fastened to the backing by six bolts; diameter of bolt-lioles, 4 J inches. The backing 
and supports were the same in all three targets. Each plate was set in an iron frame 
made of three thicknesses of strips of 6-inch armor, the width of the frame being about 
33 inches and the thickness about 18 inches. These were bolted to the backing, 
which consisted of four layers of oak balks, each layer 1 foot thick. 

First round. — Weight of shot, 2,00U pounds (Gregorini chilled iron); powder 
charge, 328.5 pounds (Fassano); striking velocity, 1,219 feet; total striking energy, 
20,600 foot-tons; striking energy per inch of shot's circumference, 371.7 foot-tons. 

EFFECTS. 

(Fig. 4.) 

The shot cracked the plate completely through; width of crack from 0.6 to 
1 inch. Several fine hair cracks were developed. The shot itself broke up, the head 
remaining in the plate. No indentations on the plate were made by the fragments of 
the shot, and the face of the plate remained flat, that is, free from bending. The iron 
frame had yielded outwards from 4 to 6 inches near the point of impact, and a number 
of bolt-heads in front were broken and some cut by shot, fragments, &c. The whole 
plate was set back 3 inches at the end struck. In rear one large plate bolt was broken 
and several small backing and frame bolts. 

Second round, — Weight of shot, 2,000 pounds CGregorini chilled iron); pow^der 
charge, 478 pounds; initial velocity (479.4 meters), 1,572.8 feet; striking velocity, 
1,565 feet; total striking energy, 33,960 foot- tons; striking energy per inch of shot's 
circumference, 613.0 foot-tons. 

EFFECTS. 

(Figs. 14, 15.) 

The shot did not penetrate the armor, but broke it, bringing down the whole 
plate. All the bolts were drawn or snapped. One beam in the rear w^as broken, others 
started and split. The plate was bulged at the back opposite the point of impact. 



I 
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Trial of BrowrHs plate. 

(Fijrs. 1, 2, 3, 10.) 

Tliis plate differs from Oammell's in having a thin rolled steel face plate of about 
3 inches thick attaclied to the wrought-iron foundation plate by molten steel, in place 
of allowing the molten steel itself to form the face. This is what is known as Ellis's 
patent. The total thickness of steel was about fi inches, containing about 0.7 per 
cent, of carbon. Thickness of plate, 18.8 inches; length, 10 feet 10 inches; height, 8 
feet 7 inches. Six bolts held the plate to the backing. Iron frame and backing 
the same as in CammelFs plate. 

First rouNd. — Weight of shot, 2,000 pounds (Gregorini chilled iron); powder 
charge, 328.5 pounds; striking velocity, 1,222 feet; total striking energy, 20,710 foot- 
tons; striking energy per inch of shot's circumference, 37vi.8 foot-tons. 

EFFECTS. 

(Fig. 6.) 

The shot on striking the plate broke up, leaving a small portion of the head in 
the plate, projecting about 2J inches, the indent being apparently but slight. The 
plate showed a narrow, long crack and some hair cracks. The plate had bodily moved 
back about 2 inches, and at right bottom — the corner struck — about 4 inches. Tlie 
face appeared slightly concave in the region of the point of impact. At the rear some 
small frame and backing bolts had snapped, but no large plate bolts. 

SrcoN(l round — Weight of shot, 2,000 pounds (Gregorini chilled iron); powder 
charge, 478 pounds; initial velocity (478 meters), Ij'iGS feet; striking velocity, 1,564 
feet; total striking energy, 33,910 foot-tons; energy per inch of shot's circumference, 
612.0 foot- tons. 

KFFECTS. 

(?%s. 12, 13.) 

The projectile split the plate into six main fragments, all of which were dislodged 
except one, which remained supported by two bolts The shot apparently had not 
penetrated to any great depth, but had broken the plate. I'he head of the shot had 
detached itself The wood backing in the center was split and toni: the side frame 
pieces were thrown outwards at the bottom ends. At the back two beams were badly 
broken and forced back, besides many bolts were dislodged The plate bolts were 
snapped or drawn with the exception of the two which held up the piece of armor plate. 

Schneider'^s steel j)Iafe, 

(Figs. 1,2, 3, 11.) 

Schneider's (Creusot Company) plate consisted wholly of steel, made with 0.45 
per cent, of carbon. The face was chilled by lowering it to a depth of 6 inches in oil. 
The plate was hammered from a thickness of 7 feet down to 18.9 inches. It was 
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secured by 20 screw bolts, each 4^ inches in diameter, screwed into the back of the 
plate to a depth of 2f inches. Lengtli of plate, 10 feet 10 inches; height, 8 feet 7 
inches. The frame and backing were the same as in the foregoing plates. 

First round, — Weight of shot, 2,000 pounds (Gregorini chilled iron); powder 
charge, 328.5 pounds; striking velocity, 1,V32 feet; total striking energy, 21,050 foot- 
tons; striking energy per inch of shot's circumference, 379.8 foot-tons. 

EFFECTS. 

(Fig. 5.) 

The plate resisted admirably, showing no cracks at all. The shot broke up, a 
large fragment of the head remaining in the plate and projecting about 6J inches, the 
plate being sliglitly raised or bulged in the surrounding region. The rear portion ol 
the projectile was broken up into small pieces. The iron frame was started, opening 
about 5 inches near point of impact. At the back several small backing bolts and 
bolt heads were snapped off, but none of the large plate bolts. 

Second round. — Weight of shot, 2,000 pounds (Gregorini chilled iron); powder 
charge, 478.3 pounds; striking velocity, 1,545 feet; total striking energy, 33,100 foot- 
tons; striking energy per inch of shot's circumference, 605 foot-tons. 

EFFECTS. 

(Fig. 7.) 

The shot indented the plate 8\ inches, the portion adhering measuring about 18 
inches across. The plate split vertically across and continued to crackle for many 
minutes, cracks forming and opening until the main fissure was about 0.9 inch wide 
near the bottom and 0.7 inch wide a little above the point of impact. The whole 
target was heated for about a foot around the edge of the shot. Hair cracks were 
opened apparently extending to a considerable depth, a very small one on the left edge 
visibly extending completely through the plate. The side frames were sprung wider 
open on the left. From the shot hole of first round two new hair cracks were started 
by this round. The back of the target stood well; some small bolts were detached 
and frames cracked, but no plate bolts were visibly injured. 

Third round. — Weight of shot, 2,078 pounds ; powder charge, 478 pounds ; initial 
velocity, (471.4 meters), 1,546.5 feet; striking velocity, 1 ,5:38 feet; total striking energy, 
34,080 foot-tons; striking energy per inch of shot's circumference, 615.1 foot-tons 

EFFECTS. 

(Figs. 19, 24.) 

The shot struck the upper right-hand portion of the plate, breaking up that portion 
of the armor struck and driving fragments of it into the backing and to the right. The 
right-hand frame was thrown aside and left hanging by its bolts, nearly drawn. The 
top frame was thrown to the front, so as to hang over the face of the target. A part 
of the plate was brought down by the shot, which rebounded and lay in front. This 
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shot wais set up and the extreme point broken off. The original length of the shot 
was about 44^ inches; it was set up to a length of 28 inches. The wood backing was 
rent and split, as seen from the front of the target. At the back seven horizontal beams 
were broken and split, and some of the upper tiers of beams were lifted with the top 
frame One large plate bolt was driven far out. The entire portion of backing 
beams projected about 4 feet. 

Fourth round. — Weight of shot, 2,124 pounds (cast-steel Italian projectile); 
powder charge, 478 pounds; striking velocity, 1,512 feet; total striking energy, 33,670 
foot-tons ; striking energy per inch of shot's circumference, 607.7 foot-tons. 

EFFECTS. 

(Figs. 25, 26.) 

The shot struck the plate close to the edge of the left top portion, driving it over 
and burying itself in the backing, rendering the whole structure a wreck. The top 
frame was dislodged and fell down ; the backing was utterly destroyed. The shot 
was broken, but the fracture and aj^pearance of the head was very good. Only a por- 
tion of the plate, however, was dislodged, and no one of the four shots got through 
the target. 

TABLE OF VELOCITIES, IN FEET PER SECOND. 
[Computed by Krupp's Ballistic Tables.] 



Weight of— 



Gal. 



Guns. 



7^: «•«>«• 



Inch. Lbs. 



Ranges, in jrards. 



At 



Lbs. muz-, 6oo ' i,aoo 
zle. 



x,8oo 3,400 



100-ton Armstrong, 

chambered 17.75 550 3,022 i,7«5 ^653 1,593 1,535 1,479 

xoo-ton Armstrong, 

chambered 17.75 776 2,000 1,832 1,765,1,699 1,637 1,577 

8x - ton Woolwich, 

chambered 16 445 1,760 1,657 '.6o» i»54<5 j i,494 «.443 

38 - ton Wooiwich, 

chambered 12.5 .200 800 1,590 1,51811,449 

71-ton (40-centimeter) I 

Krupp, chambered. 15.75 485 1,715 1,703 , 1,646 
51-ton (35.s-centim'r) 

Krupp, chambered. 14 298 , 1,146 ; 1,645 1,580 

18-ton (34-centimeter) 

Krupp, chambered. 9.45 165 ! 474 1,688 { 1,614 
8-inch converted U.S. 



3,000 , 3,600 , 4,300 , 4,800 



5»4«> 



6,000 



6,600 



R., uncliambered . . , 8 



35 



180 1,450 I 1,335 



1.590 
«»5i7 
'.544 
'1834 



«.383 I »»3" 
1,536 1,484 
1,457 »»399 
»,477 «»4«a 
1,153 x,o88 



»,494 »i37a ! 1,323 «,a76 | 'i^Sa | «»«9« ' »»«56 



1,518 1,462 , 1,408 1,355 ' 1,305 «,a59 
',393 1,346 »,3oo 1,258 I i,3i8 1,181 ' 



7,800 i 7,800 



1,133 ; »,093 



1,366 1,313 ' x,>66 1,135 



',434 ',385 I 1,338 1,393 



1,344 ',893 



1,344 ',198 



I 



x.3S« , i,a94 



1,341 1,193 



1,036 990 i 948 



910 



1,089 1,058 



1,351 
x,xS9 



1,311 
1,134 



1,149 ' «,»X3 

I 

874 840 



8,400 



1,066 



9,000 



1^0 



9367 
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TABLE A.--TABLE OF PENETRATION INTO WROUGHT IRON. 

[Computed by Royal Artillery FornmU : Penetration = * . / - - - , in inches.] 

V 2^?- X 2rw X 2240 X K 

V = velocity in feet per second. I* e weight of shot in pounds, r = radius of shot in inches. K = coefllicient = 2.53. 



Weight of- 



Cal. 



(vuns 



Pow- 
der. 



Ranges, in yards. 



Shot. 



At 



I Inch. Lbs. Lbs. muz- 600 1,200 1,800 2,400 3,000 3,600 4,300 4,800 5,400 6,000 6,600 7,200 7,800 8,400 9,000 

2le. __ " I 

loo-ton Armstrong, 1 

chambered i7-75 55o 2,022 34.76 33.20 31.67 30.26 28.89 ^7-SS 26.30 23,13 24.02,22.99122.04 21.23 20.47 i9'79 1918 18.60 

loo-ton Armstrong. 

chambered 17.75 77^ 2,000 37.52 35.81 34.14 32.59 31.11 29.66 28.30 27.00 35.73 24.55 ! 23.47 

81 -ton Woolwich, 1 

chambered 16 

38 - ton Woolwich, 

chambered 12.5 

71-ton (40-centimeter) 

Krupp, chambered . 15.75 485 1,715 33.52 32.12 30.76 39.46 28.22 37.04 25.89 24.79 23.76 32.80 1 21.89 
51-ton (35.5-centim'r) I 

Krupp, chcmbered. 14 398 1,146 

i8-ton (34-centimeter) 

Krupp, chambered. 9.45 165 474 
8-iQch converted U.S. 

R., unchambered .. 8 35 180 



445 1,760 32.60 31.33 29.89 28.64 37.43 36.34 25.14 24.07 33.10 32.19 21.35 
200 800 23.07 20.83 19.65 18.54 17-52 16.60 15.73 14.98 14.32 13.75 13.36 



26.86 35.54 34.27 23.08 21.94 20.86 19.86 18.94 18.07 ' '7-34 16.69 
20.42 19.31 18.27 17.28 16.34 15.46 14.65 13.90 13.22 1263112.14 
10.23 9-22 8.36 7.67 7.14 6.72 6.35 . 6.01 5.71 , 5.43 1 5.17 



TABLE B.— TABLE OF PENETRATION INTO WROUGHT IRON. 



[Computed from the recent Knglish formula : Penetration = -**35 / 

V 3/fX2nrX 



3240 X0.86.] 

V — velocity in feet [:,er second. P = weight of shot in pounds, r = radius of shot in inches. 
NoTK. — This applies to penetration into thick armor plates. 



Guns. 



Weight of— 



Cal. 



Pow- 
der. 



Ranges, in yards. 



Shot. 



At 



Inch. Lbs. ^bs. muz- 600 1,300 1,800 2,400 ),ooo 3,600 4,200 4,800 5,400 6,000 6,600 7,200 7.800 8,400 9,000 

zle. ' 



20. ^2 



100-ton Armstrong, 

chambered i7'75 550 2,022 27.68 26.70 25.73 24.82 23.93 23.06 22.23 21.45 30.70 20.00 19.34 18.78,18.26 17.78 17.35 16.93 

100-ton Armstrong, I 

chambered 17.75 776 2,000 29.38 28.32 27.28 26.30 25.35 24.42 23.54 22.68 21.84 21.05 

81 - ton Woolwich, 

chambered 16 445 1,760 26.30 25.43 24.57 23.76 >2.96 22.18 21.44 20.73 20.06 19.44 ' 18.86 

38 - ton Woolwich, 

chambered 12.5 

7x-ton (40-centlmeter) 

Krupp, chambered . 15.75 485 ii7i5 26.89 26.00 25.13 24.29 23.48 22.70 21.94 31.31 30.51 19.85 19.33 
5x-ton (35.5-centim'r) 

Krupp, chambered. 14 398 1,146 23.59 21.71 20.86 30.05 19-27 18.53 17.82 17.17 16.57 »6.oi 15.54 

x8-ton (a4-centimeter) 

Krupp, chambered. 9.45 165 474 18.21 17.43 '^-^ i5*97 15-28 14.63 14.03 13.46 12.94 12.48 13.09 



300 800 19.36 18.49 '7-^7 16.86 16.14 '5-47 "4-84 14.27 13.78 13.34 13.03 



J 
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TABLE OF FIRE OF THE 3S.S-CENTI METER (14-INCH) KRUPP GUN, 30.CALIBER LENGTH. 
[Extract from Krupp's Publication of the Meppen firing, No. XXXIV. Meters and Icilograms converted into English measures, i 



Deviation to^ ^^^ ''°'***if* hftsf ^' ""^"^ 



Time of 
flight. 




NoTB. -On April 90, 1883, the following initial velocities, with different powder-charges, were obtained : 



Weight of— 



Shot. 


Powder- 
charge. 


Pffunds, 


Pound*. 


I1157.S 


aao.4 




864.5 




897.6 




313.5 




3x7-4 


1 


319.6 



Initial ve- 
locity. 


Remarks. 


Feet. 




1.434-6 




1,571.1 




1,680.4 




1,717.1 


Mean of 4 rounds. 


ii755-8 




ii735-5 


Mean of a rounds. 



9367- 
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TABLE OF FIRE OF THE 30.5-CENTIMETER (12-INCH) KRUPP GUN, as-CALIBER LENGTH. 
[Extract from Knipp's Publication of the Meppen firing, No. XXXI. Meters and kilograms converted into English measures.] 



Date of firing, Meppen. 



Weight of- 



Powder. ; Shot. 



i"£l°'' Range. 



elevation 



Deviation to- ^'"^ ''°°'^f hfts^."" ^' *'^°^* 



1882. Pounds. 

March 33 334-8 

Do ' 324.8 

Do 324.8 

Do 324.8 

Do 324.8 

March 30 324.8 

Do . 324.8 

Do 324.8 

Do 324.8 

Do 324.8 

Do 334-8 

Do 324.8 

Do 324.8 

Do 324.8 

Do 324.8 



Pounds. 
i»oo3 

x,<»3 
X.003 

i|003 

«.<»3 
1.003 

i|<»3 

».oo3 
1,003 

1,003 
1,003 

1,003 

1,003 

1,003 

»,oo3 



! 



2 

2 

2 

a 

a 

15 

IS 

»S 

»5 

15 

15 

»5 

15 

15 

15 



18 
18 
18 
18 
x8 
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 



Feet. 

6,745 

6,7S8 

6,820 

6,840 

6,830 

31,333 

30,672 

31,046 

31,088 

30,862 

31,075 

30,5" 

30,544 
30,721 
30,892 



Left. 



Feet. 



Right. 



Height. Width. Length 



Feet. 



Feet. 



3-47 



Feet. 



1.04 



Feet. 



164.0 
91.8 
105.9 
121. 4 
X14.8 

M4-3 
157-4 
164.0 
150.9 
150.9 



i^ 



3«.S 



288.3 



9-74 



3»7-5 



NoTR.— On March 23, 27, and 29, 1882, twenty rounds were fired ; weight of powder-charge, 324.8 pounds; weight of projectile, 1,003 pounds, 
which grave a mean initial velocity of 1,720 feet. 

TABLE OF FIRE OF THE 28-CENTIMErp:R (ii-INCH) KRUPP GUN, 35-CALIBER LENGTH. 

[Extract from Krupp s Publication of the Meppen firing, Xo. XXXIL Meters and kilograms converted into English measures.] 

Note.— Krupp's tables gave each round. 



Weight of- 



Date of firing, Meppen. 



Pow- 
der. 



Shot. 



Angle 
of eleva- 
tion. 



1882. 



June 1 253-5 



Do 253.5 

June 23 253.5 

June a 246.9 

Do 244.7 

June I 253.5 

June 33 1 253.5 

Do 253.5 

June 6 253.5 

Do ; 253.5 

Do I 253.5 

Junes 253.5 

June 23 253.5 

Junes 253.5 

Junes 253.5 

Do 253.5 

Do 246 . 9 

Do 244.7 

Do ; 242.5 



Pounds. Pounds, o 

652.5 , « 

652 . 5 2 

652.5 2 

652.5 , 2 

652.5 ' 2 

760.5 2 

652.5 2 

652.5 4 

760.5 4 

760.5 4 

760.5 5 

652.5 8 

652.5 8 

760.5 8 

760.5 17 

652-5 »7 

652.5 >7 

652.5 17 

652.5 17 



54 
II 

II I 

14 

18 

23 
48 ' 
45 
51 I 
54 ' 
00 

00 
30 ' 

X5 
»5 
15 
15 

X5 

I 



Mean 
range. 



Feet. 

5,964 
6,819 
6,740 
6,798 
6,951 
6,780 

8,844 
13,820 

13,057 
13.276 

13,569 
20,357 
20,293 
20,368 
33,630 
34,158 
33.956 
33.761 
33,782 



Mean deviation Area containing 50 per 
to — cent, of hits. 



Left. I Right. .Height. Width. Length. 



Mean 
time of 
flight. 



Feet. 
0.0 



Feet. 
0.0 



Feet. Feet. Feet. Seconds 



1.6 

2.3 
2.6 

5-4 
2.1 



5-9 



13 

1-7 
1.9 
2.1 
i.i 
18.7 



31.2 



60.0 

134-8 

36.1 

124.6 



65.6 
9.8 



58.4 

55.1 
574 -o 
627.9 
655-4 
634-4 
•612.0 I 



54.8 
66.3 



6.85 



3-1 



68.9 



12. 1 
x8.6 
9.8 
26.6 
32.8 
27.9 
33.8 
30.5 



106.3 
124.6 

»59-i 
296.6 

275.5 
328.0 
228.9 
410.4 



8.8 

8.8 

8.8 

14. o 

14.6 
27.6 
27.8 
27.8 
37.8 
27.7 



Remarks.. 



I round. 
Mean of 
Mean of 
Mean of 
Mean of 
Mean of 
Mean of 
Mean of 
I round. 
Mean of 
I round. 
Mean of 

Do. 
Mean of 
Mean of 

Do. 

Do. 

Do. 

Do. 



9 rounds. 

5 rounds. 
8 rounds. 

6 rounds. 

10 rounds. 
3 rounds, 
a rounds. 

8 rounds. 

5 rounds. 

10 rounds. 
S rounds. 



Note.— On June i, 2, and 6 the following initial velocities were obtained 



Weight of 
shot. 



Weight of 
powder- 
charge. 



Initial ve- 
locity. 



Remarks. 



Pounds. 
652.5 
652-5 
652-5 
652. 5 
760.5 



Pounds. 
242.5 

244 -7 
246.9 

253-5 
253-5 



Feet. 

1,825.1 

',823.4 

1,824.7 

1,842.4 

«,734o 



Mean of 8 rounds. 
Mean of 6 rounds. 
Mean of 8 rounds. 
Mean of 10 rounds. 
Mean of 20 rounds. 
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RECORD OF FIRING OF THE lOO-TON ITALIAN GUN. 

I Extracts from '* Latest Studies and Experiments with reference to the material of the G. R. C. gun, of 45 centimeters." Giornale di Artiglieria e 

Genio, ottobre i88x.l 

Table I. gives the mean result of four series of five shots each, fired at different 
ranges for accuracy, July, 1880. 

Table I. 



Mean range in meters. . 

Width of rectangle (in deviation) do 

Length of rectangle (in range) do 



1,950 4,133 

27 I 



5. 811 7,777 

13. 2 8.7 6.2 

57 33 68 



Table II. gives ranges, angles of fall, remaining velocities, and time of flight cor- 
responding to different angles of elevation up to 15^ 48', the initial velocity being 
451 meters and weight of projectile 1,000 kilogi-ams. 

Table II. 



Range. 



Angles of 
elevation. 



Angles of 
fall. 



Remaining Time of 
velocities. flight. 



w. 





1 





/ 


m. 


Seconds. 


500 





39 
22 






436 
422 


I.X 


1,000 


I 


I 


35 


2.2 


1,500 


2 


09 


2 


22 


408 


3-5 


2,000 


2 


55 


3 


13 


395 


4.7 i 


3,000 


4 


36 


5 


14 


37» 


7.4 


4,000 


6 


26 


7 


43 


350 


X0.2 


5,000 


8 


25 


zo 


33 


33a 


13. 2 


6,000 


10 


37 


»3 


48 


318 


16.4 ' 


8,000 


»S 


48 


22 


25 


296 


23.6 



The following table gives the results of fire of the 45-centimeter gun, Gr. R. C, 
breech-loading, in the series of preliminary fires against a movable target on the sea : 

Table III. 



a 

o 



o 



59 
60 

61 

62 

63 . 

64 

65 

66 

67 . 

68 , 

69 
7« 
72 

73 



4> 



if 
I 



w. 

2,650 I 

Z.IOO ' 

I 

x,86o 

2,930 

2,760 

3,030 

3,850 

4,100 

4.900 
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This gun has been fired at angles varying from 10^ elevation to 6° depression. The 
time of loading was reduced to a minimum of 4*^ minutes. Three shots fired against 
sand for penetration traversed the mass 1 2 meters and entered the rock behind it from 
o t03O centimeters. 
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TAHLE OF FIRE OF THE sa-CENTIMETER ITALIAN RIFLED GUN. 

[Giomale di Artic^llerU e Genio, ottobre x88x.] 

Table IV. 
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TABLE OF BALLISTIC DATA FOR HEAVY ITALIAN AND FOREIGN GUNS. 

[Giomale di Artiglieria e Genio, ottobre 1881.] 

Table V. 
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The velocities recently attained by the 8i-ton Woolwich and loo-ton Armstrong 
exceed those assumed in the foregoing Table V, and would therefore give greater 
penetration than those recorded therein. 

The preceding tables, prepared in this office, with initial velocities absolutely 
attained in firing, and penetrations calculated therefrom for the guns enumerated, 
exhibit the relative value of the guns as at that date in that respect. If those 
diflFerent guns should be lengthened to 35 calibers, to give greater initial velocities, 
say 605 meters, assumed for the Krupp guns, they will give penetrations correspond- 
ing thereto. 

The question in comparing guns is, which will endure continuously the heavy 
charges required to give the high velocities to produce the maximum penetration ? 
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